Background: Periodontitis is a disease that affects and destroys the tissues that support teeth. Tissue damage results from a prolonged inflammatory response to an ecological shift in the composition of subgingival biofilms. Three bacterial species that constitute the red complex group, Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola, are considered the main pathogens involved in periodontitis.
INTRODUCTION
Periodontitis represents a destructive chronic inflammatory disease with a bacterial infection resulting from the complex actions of a small subset of periodontal pathogens. [1] From a pathological point of view, periodontitis can be defined as the presence of gingival inflammation at sites where there has been a pathological detachment of collagen fibers from the cementum and the junctional epithelium has migrated apically. [2, 3] The inflammatory response of the periodontal tissues to infection is influenced by environmental factors as well as by genetic factors. [4] The primary microbial factor contributing to periodontitis is a shift in the content of the oral microflora, while the primary immunological factor is the destructive host inflammatory response. [5, 6] The microbiota associated with periodontal health and disease has been intensely studied for well over a century by several generations of skilled scientists and clinicians. [7, 8] Oral microbiota is an enormously complex and dynamic entity that is profoundly affected by perpetually changing local environments and host-mediated selective pressures. [9] The presence of a commensal microbiota, including potential pathogens, is essential for the proper development of mucosal immunity. [10] The normal oral flora is hence in a balance between pathogens and commensals that requires regular cleaning to be maintained. A decrease in oral hygiene is quickly followed by the build-up of oral biofilms on tooth surfaces and, if left untreated, will progress to gingival inflammation and possibly periodontitis, alveolar bone loss, and loss of teeth. It is likely that differences in host-defense mechanisms, including antimicrobial protein profiles, determine whether bacterial colonization progresses to overt disease. [11] Recent data estimate that the oral cavity may contain up to 19 000 bacterial phylotypes, [12] but each individual will only have a rate of the total numbers of pathogens. Indeed, there is a substantial diversity in the content of the microflora between individuals [13] and between different oral sites within the same individual. [14, 15] Research has indicated that dietary changes combined with poor hygiene can cause a shift in the composition of the oral bacteria. [15, 16] Moreover, some evidence in recent studies suggests that the oral microbiome changes as human beings age and the dysbiosis in the oral cavity can lead to periodontitis. [5] Several methods have been used for microbiological testing in periodontitis. [17] However, many techniques have not been fully accepted due to low sensitivity or specificity; moreover, sometimes they are slow, expensive, and laborious. In our laboratory (LAB SRL, Ferrara, Italy), we developed a rapid and sensitive test to detect and quantify the three bacterial species more involved in periodontitis that constituted the red complex group: Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola. Both P. gingivalis and T. denticola occur concomitantly with the clinical signs of periodontal destruction. They appear closely "linked" topologically in the developing biofilm, shown an in vitro ability to produce a number of outer membrane-associated proteinases, and are considered the first pathogens involved in the clinical destruction of periodontal tissues. Moreover, both of them and T. forsythia show an higher prevalence in disease than in health, suggesting that these bacterial are associated with the local development of periodontitis. [18] The presence and the level of these pathogens can be effectively revealed by real-time polymerase chain reaction (PCR) analysis using bacterial species-specific primers and probes.
Our findings support the hypothesis that detection and quantification of red complex bacteria in crevicular fluid could be an appropriate tool for diagnosis and prognosis of periodontitis.
MATERIALS AND METHODS
A total of 307 individuals participated in the study, 127 were affected by chronic periodontitis, while 180 constituted the control group. Controls include 66 healthy individuals and 114 affected by a moderate gingivitis. Table 1 summarizes principal characteristics of the two groups.
A sample of the periodontal pocket microbiota was obtained from a single site by a paper probe. DNA was extracted and purified using standard protocols that include two consecutive incubations with lysozyme and proteinase K, followed by spin-column purification.
Real-time polymerase chain reaction
Primers and probes oligonucleotides were designed basing on 16S rRNA gene sequences of the Human Oral Microbiome Database (HOMD 16S rRNA RefSeq Version 10.1) counting 845 entries. All the sequences were aligned in order to find either consensus sequence or less conservate spots. Two real-time PCR runs were performed for each sample. The first reaction quantified the total amount of bacteria using two degenerate primers and a single probe matching a highly conservated sequence of the 16S ribosomal RNA gene. The second reaction detected and quantified the three red complex bacteria, i.e., P. gingivalis, T. forsythia, and T. denticola, in a multiplex PCR. This reaction included a total of six primers and three probes that were highly specific for each species. Oligonucleotide concentrations and PCR conditions were optimized to ensure sensitivity, specificity, and no inhibitions in case of unbalanced target amounts. Absolute quantification assays were performed using the Applied Biosystems 7500 Sequence Detection System. The amplification profile was initiated by a 10-minute incubation period at 95°C to activate polymerase, followed by a two-step amplification of 15 s at 95°C and 60 s at 57°C for 40 cycles. All these experiments were performed including non-template controls to exclude reagents contamination.
Plasmids containing synthetic DNA target sequences (Eurofin MWG Operon, Ebersberg Germany) were 
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used as standard for the quantitative analysis. Standard curves for each target were constructed in a triplex reaction, by using a mix of the same amount of plasmids, in serial dilutions ranging from 101 to 107 copies. There was a linear relationship between the threshold cycle values plotted against the log of the copy number over the entire range of dilutions (data not shown). The copy numbers for individual plasmid preparations were estimated using the Thermo NanoDrop spectrophotometer.
The absolute quantification of total bacterial genome copies in samples allowed for the calculation of relative amount of red complex species. To prevent samples and PCR contamination, plasmid purification and handling was performed in a separate laboratory with dedicated pipettes.
Statistical analysis
Descriptive statistics was performed using Microsoft Excel spreadsheets. The Freeman-Halton extension of Fisher's exact test was used to compute the (two-tailed) probability of obtaining a distribution of values in a 2 × 3 contingency table, given the number of observations in each cell. Odds ratio calculation was performed online at the OpenEpi web site (www.openepi.com).
Absolute bacteria amount were normalized against the total bacterial load, obtaining the relative bacteria amount (RBA). The one-way analysis of variance (ANOVA) was used to determine whether there were any significant differences between the mean RBA value of three patients group, i.e., healthy, gingivitis, and periodontitis.
RESULTS
Occurrence and amount of red complex bacteria from crevicular fluid were evaluated in 307 individuals.
A single specimen from each patient was analyzed by quantitative real-time PCR, obtaining measures of total bacteria load and of three species involved in periodontitis, i.e., P. gingivalis, T. forsythia, and T. denticola. Here, we report a preliminary study focused mainly on prevalence of these three species among groups of patients with different diagnosis-regardless of different clinical aspects that may describe severity of the disease-in order to understand whether the presence of the red complex species and their relative amount may be considered predictive factors of periodontitis.
Prevalence of the three investigated species among healthy, gingivitis, and periodontitis patients is shown in Figure 1 . Each species was common among healthy patients; however, the prevalence was roughly double in periodontitis group. Intermediate values, but closer to healthy individuals, were observed among patients affected by gingivitis.
Obtained data are detailed in Table 2 . The Freeman-Halton extension of Fisher's exact test indicated that the prevalence of each red complex species is different among groups of patients with high degree of statistical significance, P. gingivalis
), and T. denticola (P value = 2 × 10 −4
). The higher level of association with periodontitis was observed for T. forsythia, indeed the observed odds ratio was 6.1 (95% C.I., 3.1-11.9) when healthy individuals were compared to periodontitis patients, and 4.6 (95% C.I., 2.6-7.9) when healthy and gingivitis groups where combined and compared to periodontitis patients.
Results of quantitative data indicated that the normalized amount of P. gingivalis significantly differs among patient groups F (2,304) = 7.77, P value = 0.001; as well as for T. denticola F (2,304) = 7.47, P value = 0.001. On the contrary, it did not vary for T. forsythia F (2,304) = 1.41, P value = 0.25. The calculated mean values are plotted in Figure 2 .
DISCUSSION
The PCR is the most sensitive and rapid method to detect microbial pathogens in clinical specimens. In particular, the diagnostic value of PCR is significantly higher when specific pathogens that are difficult to culture in vitro or require a long cultivation period such as for anaerobic bacteria species are involved in periodontitis onset. A recent improvement of this technique is the real-time PCR that allow for quantitation of DNA target using fluorogenic probes in a close setup. Besides the opportunity to quantify target, the advantage to perform the assay is a closed system, in which the reaction tube is never opened after amplification, is of great value to prevent laboratory contamination and false-positive results. In addition, the need of a probe, in addition to the two PCR primers, further increases the specificity of the reaction.
In the present investigation, we designed and tested the performance of a real-time PCR-based assay to detect and quantify the red complex bacteria involved in periodontal disease. In particular, we found that P. gingivalis, T. forsythia, and T. denticola were strongly related to periodontitis because their prevalence was higher among periodontitis patient. The presence of these bacterial species can significantly increase the risk to develop periodontitis, the OR being comprised between 6.1 (T. forsythia) and 3.4 (T. denticola). The results of quantitative data analysis indicated that the relative amount of P. gingivalis and T. denticola in periodontal pocket was sensibly higher in affected patients. This indicated that both the presence and relative amount of red complex bacteria is relevant data in periodontal disease diagnosis.
CONCLUSION
Molecular analysis of periodontal pocket microflora by real-time PCR represents an effective inexpensive method to rapidly detect and quantify red complex bacterial species. This test was performed in a large patient sample and results demonstrated that the test is a valuable tool to improve diagnosis of periodontal disease. 
